TITLE OF THE INVENTION 

ROUTE GUIDANCE APPARATUS AND METHOD 

CROSS -REFERENCE TO RELATED APPLICATIONS 

This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application PH2001 - 05584 7 , filed on February 28, 
2001; the entire contents of which are incorporated 
herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a route 
guidance app a r a tu s and a method for executing route 
guidance for a pedestrian by presenting a route 
guidance sentence or a simplified map. 

BACKGROUND OF THE INVENTION 

Recently, a route guidance apparatus for 
presenting a route guidance sentence and a 
simplified map to a destination for a pedestrian is 
developed. This route guidance apparatus is a 
simple portable device or is loaded to a portable 



communication terminal such as a cellular -phone or a 
personal data assistant (PDA) . 

A route guidance technique using the route 
guidance sentence and the simplified map is 
disclosed in the following two references. 

(1) TECHNICAL REPORT OF IEICE, P R U 9 5 - 2 1 5 ( 1 9 9 6 - 
02), "Interactive Generation of a Route and Its 
Application to Generating a Sketch Map Drawing in a 
Map Image Information System" Masahiko HORIE, 
Toshihiro KIMURA, Noboru BABAGUCHI, Seiichiro DAN 
and Tadahiro KITAHASHI 

(2) TECHNICAL REPORT OF IEICE, PRMU96- 

15 6(1997-01), "Modeling of Geographic Road Structure 
for Generation of Sketch Map Image and Linguistic 
Guide" Toshihiro KIMURA, Yoshihiro SUZUKI, 
Seiichiro DAN, Noboru BABAGUCHI and Tadahiro 
KITAHASHI 

As for generation of the route guidance 
sentence, in reference (1), for example, a sentence 
"Please go forward to the west direction by 20 
meters." or "Please turn to the right at the 
junction.", can be presented. However, especially, 
numerical value representing distance such as "** 
meters" is difficult for a pedestrian to apply. 
Furthermore, innumerable junctions exist in a town 
area, and the pedestrian often mistakes a junction 



indicated by the route guidance sentence for another 
junction. Accordingly, such route guidance sentence 
is not always easy for the pedestrian to 
sufficiently understand. 

In reference (2) , for example, a route guidance 
sentence such, as /'This road joins another road." or 
"You advance to ** ata crossroads.", is only 
presented. This route guidance sentence is more 
difficult for the pedestrian to understand than the 
route guidance sentence disclosed in the reference 
(1) . 

Furthermore, in the reference (2), generation 
of a simplified map for guidance using a signpost 
for pedestrian (i.e., a landmark) is disclosed. 
However, generation of a route guidance sentence 
using the landmark is not disclosed in the 
references (1) or (2). In the reference (2), the 
target object is reserved. As for other landmarks, 
the landmark far from a main junction is removed in 
order to simply present the landmark. However, if 
this, 'method- is -used for generation of the route 
guidance sentence, for example, a complicated route 
guidance sentence using many landmarks is generated 
at a place neighboring the main junction. Thus, 
easiness of the route guidance produces a contrary 
effect. 



As me n t i on e d - abo ve , in the known route guidance 
technique, presentation of the route guidance 
sentence is not always easy for the pedestrian to 
understand, and it often happens that the pedestrian 
misunderstands a junction point, a joint point, or a 
divergence point indicated by the route guidance 
sentence. 

Furthermore, a method for effectively utilizing 
landmarks for generation of the route guidance 
sentence is not found. In short, it is impossible 
to execute easy route guidance for the pedestrian by 
using landmarks. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to 
provide a route guidance apparatus and a method to 
present route guidance easy for the pedestrian to 
underst and . 

According to the present invention, there is 
provided a pedest ri an route guidance appara tu s , 
comprising: a database configured to store map data 
including ro ad network data and landmark data; a 
route search unit configured to search for a route 
from a departure p o int to a des ti nation point from 
the road network data stored in said database; a 
road pattern analysis unit configured to analyze a 
route pattern of the route by referring to the road 
network data, and to obtain road pattern data as the 
analysis result; a landmark selection area decision 
unit configured to determine a landmark selection 
area for route guidance along the route based on the 
road network data and the road pattern data; a 
1 an dm a r k selection unit configured to select 
landmark data included in the landmark selection 
area from said database; a route guidance 
information generation unit configured to generate 
route guidance information of the route using the 
road pattern data and the landmark data selected by 



said landmark selection unit; and a presentation 
unit configured to present the route guidance 
information. 

Further in accordance with the present 
invention, there is also provided a pedestrian route 
guidance method, comprising: storing map data 
including road network data and landmark data in a 
database; searching for a route from a departure 
point to a destination point from the road network 
data stored in the database; analyzing a route 
pattern of the route by referring to the road 
network data; obtaining road pattern data as the 
analysis result; determining a landmark selection 
area for route guidance along the route based on the 
road network data and the road pattern data; 
selecting landmark data included in the landmark 

selection area from the database; generating route 

\ • 

guidance information of the route using the road 
pattern data and the selected landmark data; and 
presenting the route guidance information. 

Further in accordance with the present ^ 
invention, there is also provided a computer program 
product, comprising: a computer readable program 
code embodied in said product for causing a computer 
to execute pedestrian route guidance, said computer 
readable program code having: a first program code 
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to store map data including road network data and 
landmark data in a database; a second program code 
to search for a route from a departure point to a 
destination point from the road network data stored 
in the database; a third program code to analyze a 
route pattern of the route by referring to the road 
network data; a fourth program code to obtain road 
pattern data as the analysis result; a fifth program 
code to determine a landmark selection area for 
route guidance along the route based on the road 
network data and the road pattern data; a sixth 
program code to select landmark data included in the 
landmark selection area from the database; a seventh 
program code to generate route guidance information 
of the route using the road pattern data and . the 
selected landmark data; and a eighth program code to 
present the route guidance information. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram of the route guidance 
apparatus according to one embodiment of the present 
invention. 

Fig. 2 is a flow chart of routeguidance 
processing according to one embodiment of the 
present invention. 

Fig. 3 is a schematic diagram of one example of 
a route to be searched. 

Figs. 4A and 4B are schematic diagrams of 
component example of node data and arc data. 

Fig. 5 is a schematic diagram of one example of 
divided route. 

Figs. 6A and 6B are schematic diagrams of road 
network data neighboring a junction point and 
analysis result of junction pattern. 

Fig. 7 is a schematic diagram of various 
parameters representing a junction pattern. 

Fig. 8 is a schematic diagram of one example of 
a decision dictionary to decide a road pattern and 
an expression of route guidance. 

Figs. 9A and 9B are schematic diagrams of 
analysis example of the junction pattern. 

Fig. 10 is a schematic diagram of landmark 
selection area at a junction. 



Figs. 11A and 11B are schematic diagrams of a 
priority degree definition table for the landmark 
selection area. 

Fig. 12 is a schematic diagram of a component 
example of landmark data. 

Figs. 13A and 13 B are schematic diagrams of 
landmark selection on the way of the route. 

Figs. 14A and 14B are schematic diagrams of a 
comparison example of the route guidance sentence 
according to the one embodiment and the prior art. 



DETAILED DESCRIPTION OF THE EMBODIMENTS 



Hereinafter, various embodiments of the present 
invention will be explained by referring to the 
drawings. Fig. 1 is a block diagram of a pedestrian 
route guidance apparatus according to one embodiment 
of the present invention. The pedestrian guidance 
apparatus and method are preferably optimized for 
the relative slow speed of a pedestrian, as opposed 
to a motor vehicle, as well as for the free movement 
of a pedestrian unrestrained by motor vehicle 
restrictions such as turn lanes and one-way roads. 
Thus "pedestrian" is not strictly limited to a 
person who travels by foot, but also applies to 
similar transportation modes such as skate boards, 
scooters, wheelchairs, in-line skates, and even 
bicycles. 

In a database 1, basic data to generate a route 
guidance sentence and a simplified map along a route, 
such as map data, a route guidance sentence database 
used for generation of the route guidance sentence, 
and a simplified map database are stored. In the 
map data, in addition to map image, road network 
data and landmark data are included. In the route 
guidance sentence database and the simplified map 
database, a plurality of presentation patt rns 
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rresponding to each 'road- pattern are included. 
Furthermore, in the simplified map database, the 
presentation is stored as bit map data or vector 
data. 

The database 1 may be set in the route guidance 
apparatus. However, if function of the route 
guidance apparatus is packaged in a portable 
communication terminal such as a cellular -phone , or 
if the route guidance apparatus is composed as a 
dedicated portable device, the database 1 is set 
outside the route guidance apparatus and connected 
to the route guidance apparatus by wireless 
communication line. Furthermore, in the database 1, 
the map data and the landmark data may be an outside 
database set outside the route guidance apparatus, 
and the route guidance sentence database and the 
simplified map database may be an inside database 
set in the route guidance apparatus. 

A user input unit 2 is used for various kinds 
of input operation such as key operation or dial 
operation by a user using the route guidance 
apparatus (i.e., a pedestrian). When the user 
inputs location information of a departure place and 
a destination through the input unit 2, road network 
data is read from the database 1 based on the 
location information, and supplied to a route search 
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unit 3 . 

The route search unit 3 searches for a route 
from the departure place to the destination using 
the location information input by 'the -user input 
unit 2 and the road network data read from the 
database 1, and generates route data represented by 
ve c t or data. 

A road pattern analysis unit 4 analyzes a road 
pattern of the route (pattern analysis) by referring 
to the road network data corresponding to the route 
data in the database 1. In this case, the road 
pattern is a patte r n of road inclu de d in the route 
and neighboring area of the route, which is 
explained in detail afterward. For example, the 
road pattern includes type (road attribute) 
representing whether the road is a straight route, 
whether the road is a junction point or a corner 
(crank, S curve), or whether the road is a station 
rotary. In addition to this, if the road is a 
junction point or a corner, the road pattern 
represents detail pattern. An analysis method of 
the road pattern is explained below. 

The landmark selection area decision unit 5 
determines a landmark selection area necessary for 
route guidance along the route represented by the 
route data from the route search unit 3 and the road 



- 12 — 



pattern data from the road pattern analysis unit 4. 

The landmark selection unit 6 selectively reads 
out landmark data corresponding to the landmark 
selection area selected by the landmark selection 
area decision unit 5 from the database 1. 

In a route guidance sentence generation unit 7 
and a simplified map generation unit 8, by using the 
route pattern data from the road pattern analysis 
unit 4, the landmark data selected by the landmark 
selection unit 6 corresponding to the road pattern 
data from the database 1, and the route guidance 
sentence database and the simplified map database 
from the database 1, the route guidance sentence and 
the simplified map are generated as route guidance 
information to guide a user along the route data 
from the route search unit 3. 

A presentation unit 9 is, for example, a 
display or a speaker. In the presentation unit 9, 
based on the route guidance sentence data from the 
route guidance sentence generation unit 7, a route 
guidance sentence is presented by character sequence 
or speech* Furthermore, based on the simplified map 
data from the simplified map generation unit 8, a 
simplified map along a route from the departure 
place to the destination is displayed as an imag . 
In this way, the route guidance sentence and the 
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simplified map are presented to the user. 

In the above-mentioned component element in the 
route guidance apparatus in Fig. 1, a part of the 
database 1, the route search unit 3, the road 
pattern analysis unit 4, the landmark selection area 
decision unit 5, the landmark selection unit 6, the 
r o u t e g u i danc e sentence generation unit 7, and the 
s i mpl ified map generati on un i t 8 can be realized as 
software processing by a computer such as a route 
guidance apparatus terminal or a portable 
communication terminal. 

Next, by following a flow chart shown in Fig. 2, 
the route guidance processing of the present 
embodiment is explained. First, the user input unit 
2 is operated by a user who desires the route 
guidance, and a departure point and a destination 
point are input (S101) . As this input operation, in 
a condition that a map of place including a 
departure place and a destination is displayed based 
on the map data from the database 1 on a screen of 
the route guidance apparatus (a display of the 
presentation unit 9), the user may indicate the 
departure point and the destination point on the map 
by using a mouse, a' cursor, a pen, or a key. 
Furthermore, the user may select the departure point 
and the destination point from a list including 
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landmarks, addresses and names. 

Next, based on the departure point and the 
destination point input by the user, and a route 
search condition, the route search unit 3 searches a 
route from the departure point to the destination 
point (S102) • As a route search method, a route 
including a sidewalk may be preferably selected. 
Furthermore, Dijkstra's method well known as an 
algorithm to find the shortest route maybe used. 
Of course, other methods of route search can be used 
Briefly, it is sufficient that so me route c onn e c ted 
from the departure place to the destination can be 
determined. Otherwise, the user may directly input 
the route on the map. 

As a result of the route search, as shown in 
Fig. 3, route data from the departure point to the 
destination point represented by node and arc are 
obtained. For example, the node is represented as 
node data shown in Fig. 4A and the arc is 
represented as arc data shown in Fig. 4B. The node 
is a divergence point on the road network, for 
example, the node exists in a junction point and a 
corner. The arc is a line segment connecting two 
nodes. If a plurality of arcs is connected to one 
node, the plurality of arcs can be extracted by 
referring to connection from the node. Furthermore, 
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by tracing from arc to node and from node to arc in 
order, a series of route lines can be traced. 

Next, in the present embodiment, as shown in 
Fig. 5, the route searchunit 3 divides the route 
searched at S 1 0 2 into at least three areas, i.e., a 
departure area, a destination area, and an 
intermediate area (route and junction area) (S103) . 
Briefly, the route is divided into three class parts 
and used for generation of ' -the route guidance 
sentence and presentation of the simplified map. By 
referring to Fig. 5, one example of route division 
processing is explained. 

The departure area is an area -from the 
departure place input by the user to the first 
target object. In Fig. 5, the departure place is a 
station. When the user walks from the station to 
the destination, a target object first watched by 
the user isa post office. The departure area is 
thus the area from the station to the post office. 
The departure area is important for a pedestrian to 
decide a direction to begin walking. The departure 
area does not always include a road. Accordingly, 
special explanation is sometimes necessary for the 
route guidance sentence or the simplified map. 

The destination area is an area from the last 
target ob j ct to the destination input by the us r. 
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In Fig. 5, the object last appearing along the route 
is a school. The destination area is thus the area 
from the school to the destination. The road 
network is not always divided at a place of a 
pedestrian's target. Accordingly, special 
explanation is sometimes necessary for the map, the 
route guidance sentence, or the simplified map from 
the last target object to the destination. 

In addition to the example post office and 
school, the target object may be a signpost building 
such as a bank, a cinema theater, an eating house, a 
supermarket and a convenience store, a signal, a 
junction name, a road name, road pattern such as a 
T-crossing or a junction, attendant object to the 
road such as a pedestrian bridge and a marked 
crosswalk. In short, the target object is all 
object usable as the signpost for the pedestrian's 
walking. The route search unit 3 obtains 

information of the target object by referring to the 
road network data and the landmark data in the 
database 1. Furthermore, the route and junction 
area is a road included in intermediate route except 
for the departure place and the destination. The 
route and junction area includes a junction, a 
corner, - and. so on. In the present embodiment , the 
road pattern analysis is mainly executed for the 



route and junction area. 

Next, the road pattern analysis unit 4 analyzes 
a road pattern of the route searched at S102 (S104). 
If route division processing of S103 is executed 
after route search of '8102, as me n t i on e d - ab o ve , the 
road pattern of the route and junction area is 
analyzed at S104. The road pattern is mainly a 
pattern of intersection. The road pattern analysis 
represents which forked road the junction is, which 
degree the angle difference between a direction of 
entering road and a direction of escape road, 
whether the road crosses a wide road at the junction, 
whether the road crosses an overpass. in short, a 
usable road pattern to be analyzed based on the road 
network data is analyzed. 

Next, based on the route data obtained at S102 
~S103 and the road pattern data obtained at S104, 
the landmark selection. area decision unit 5 
determines the landmark selection area to select the 
landmark along a route represented by the route data 
(S105 ) . 

Next, the landmark selection unit 6 selectively 
reads out the landmark data from the database 1 in 
correspondence with the landmark selection area 
selected at S105 by the landmark selection area 
decision unit 5 (S106) . 
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Next, by referring to the road pattern data 
obtained at S104, the landmark data selected from 
the database 1 at' 8106, and the route guidance 
sentence database stored in the database 1, the 
route guidance sentence generation unit 7 generates 
a route guidance sentence including an explanation 
of the road pattern and landmark names to guide a 
user along the route determined at S102 (S107). 

Furthermore, by referring to the road pattern 
data obtained at S102, 'the landmark data selected 
from the database 1 at S106, and the simplified nap 
database stored in the database 1, the simplified 
map generation unit 8 generates a simplified map 
(810 8) . 

Then, the presentation unit 9 presents the 
route guidance sentence generated at S107 by display 
of character sequence or speech. Furthermore, the 
presentation unit 9 presents the simplified map 
generated at S108 by image display ( S 1 0 9 ) . 

Hereinafter, processing of each step in Fig. 2 
is explained in detail. First, as a concrete 
example of analysis processing at S104 by the road 
pattern analysis unit 4, analysis processing of 
junction pattern is explained. The road pattern 
analysis unit 4 extracts road network data of the 
route searched by the route search unit 3 from the 
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database 1. For example, as shown in Fig. 6A, the 
road pattern analysis unit 4 sets a mask having a 
size several times the road width of advance 
direction on road network area and having a center 
point at the junction, and extracts the road network 
data included in the mask from the database 1. Next, 
the road pattern analysis unit 4 analyzes the road 
network area in the area extracted by > the mask (road 
network extraction area) • As shown in Fig. 6B, the 
road pattern analysis unit 4 measures the number n 

(In Fig. 6B, n=4) of route lines each extended from 
the junction to outside of the road network 
extraction area, a direction of each route line 

(angle difference between entering direction and a 
direction of each route), and a width of each route. 
By t hi s road pattern analysis, the object junction 
is decided such as "three- forked road", "T-crossing 
and the end", "Y-crossing and forked road". 

In case that the road pattern analysis unit 4 
analyzes a junction pattern, the road pattern 

analysis unit 4 analyzes the road network data in 

o • . ■ 

the road network extraction area, and generates the 
following seven parameters of junction pattern as 
shown in Fig. 7. 

( 1 ) The number n of roads each connected from 
the junction 
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(2) Angle difference 6 0 between the entering 
direction and the advance direction for the junction 
in the clockwise direction 

(3) Angle difference 9 lt 6 2 between the 
entering direction and each direction of other roads 
except for the advance direction for the junction in 
the clockwise direction 

(4) Angle difference 0 L between the advance 
direction and a direction of another road connected 
from the junction in the counterclockwise direction 

(5) Angle difference 0 R between the advance 
direction and a direction of the other road 
connected from the junction in the clockwise 
direction 

(6) A ratio of road width "P=Wo/Wi" for the 
road width Wi of entering direction and the road 
width wo of advance direction 

(7) A ratio of road width "Q=max(Wl, W2 , 

— )/max(Wi, Wo)" for other road width Wl, W2 , ••• . 

In Fig. 7, the angle difference 6 lt 0 2 of above 
(3) is not shown. 

For example, in case of the junction pattern 
shown in Fig. 6B, the following p a r ame t e r s e x c e p t 
for 8 lt 9 2 are obtained. 

C (n, 0 O , 0 L , 6 R , P, Q ) = { 4/ 75f 105# 65, 100, 

14 0} 
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Next, the road pattern analysis unit 4 compares 
the above-mentioned parameters with a decision 
dictionary shown in Fig. 8 in order to decide the 
road pattern. In the decision dictionary shown in 
Fig. 8, the number of roads (Hereinafter, it is 
called connection road) connected to a 'notice point 
such as the junction or the corner (In case of the 
junction, the number is above-mentioned "n"), 
relation of angle difference between each connection 
road, road pattern including the junction pattern 
based on the pedestrian's advance direction, and 
expression of route guidance representing for the 
pedestrian how to advance along the road are 
correspondingly stored. In Fig. 8, "Angle of each 
road (Angle difference for entering direction)" is 
angle difference between the entering direction and 
a direction of each road except for the entering 
direction, and represented as "#o# #i# #2". For 
example, if the number of connection roads is two (a 
road of entering direction and a road of advancing 
direction) , the road pattern is a straight road or a 
corner. The expression of route guidance is one of 
"Follow - a road", "Right-turn" and "Left-turn" based 
on angle of the advance direction. On the other 
hand, if the number of connection roads is three, 
the road pattern is the junction of forked road. If 
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the number of connection roads is four, the road 
pattern is the junction of three-forked road. The 
forked road includes various cases, i.e., a case 
that each road diverges from the junction point at 
an interval of almost equal angle, a case that each 
road diverges at T-crossing (or the end), a case 
that each road diverges at Y- crossing, and a case 
that the advance direction is straight but a branch 
road exist s on the way. The case to wh i ch the 
forked Road is decided by combination of the angle 
difference between the entering direction and each 
direction of other two connection roads. The 
expression of route guidance corresponding to the 
decided case is obtained. As for the three-forked 
road, based on combination of the angle difference 
between the entering direction and each direction of 
other three connection roads, the expression of 
route guidance is decided as one of "Go straight, 
and cross the road", "Turn to the right at the 
junction", "Turn to the left at the junction". 

A threshold to decide the angle of each 
connection route is not limited to values shown in 
Fig. 8. The threshold may b e e xp e r i me n t a 1 1 y 
determined by making inquiries. In short, some 
decision standard is determined and stored as a 
database. The road pattern may b analyzed based on 
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this decision standard. 

Furthermore, the decision of junction pattern 
can be executed by angle 6 h , 6 R , shown in Fig. 7. 
Concretely, suitable threshold is set to the angle 
0 L and 6 R , such as a limit w 10° ~80° " or a limit 
"80° ~100° ". For example, as shown in Fig. 9A, the 
junction pattern is decided as Y-crossing because of 
"n = 3, 0 L = s 0 R = 45° In the same way, as shown in Fig 

9B, the junction pattern is decided as T-crossing 
because of "n = 3, 0 L = 0r b 9O° As for the junction, 

the road pattern analysis unit 4 outputs the above- 
mentioned junction pattern parameter and analysis 
result of the junction pattern as the road pattern 
data. 

Next, referring to Fig. 10., the decision 
processing of landmark selection area at SI 0 5 by the 
landmark selection area decision unit 5 will be 
explained. The landmark selection area decision 
unit 5 determines a landmark selection area based on 
geometrical information including the route data 
from the route search unit 3 and the route pattern 
data from the road pattern analysis unit 4. Fig. 10 
shows a decision example of the landmark selection 
area at the junction. As me n t i o n e d - ab o v e , the 
junction pattern is analyzed by the road pattern 
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analysis unit 4 as the following junction pattern 
parameters. 

C (n, 0 O , 6 Lt 6 K , P, Q) = {4, 75, 105, 65, 100, 

14 0 } 

These parameters are called the geometrical 
information. 

Next, a circle area of a radius "r" in which a 
junction point is the center is determined. The 
radius r is calculated by the following function 
including road widths Wl, W2 , W3 , W4 of the roads 
forming the junction. 

r = L (Wl , W2 , W3 , W4 ) 

Next, by using the analysis result of the 
junction pattern, the circle area is divided into 
four areas (selection areas 1, 2, 3 and 4 in Fig. 
10), i.e., area cut byeach road line- connected to 
the junction point. To each selection area 1, 2, 3 
and 4, a priority degree corresponding to the 
junction pattern parameter obtained by the road 
pattern analysis unit 4 is assigned. The priority 
degree is obtained by preparing a table (priority 
degree definition table) describing the priority 
degree of each area corresponding to the junction 
pattern parameter in the database 1. in this way, 
in the landmark selection area decision unit 5, the 
landmark selection area is determined based on 
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geometrical information of the route data and the 
road pattern data. 

Figs. 11A and 1 IB show examples of a priority- 
degree definition table of the landmark selection 
area. Fig. 11A shows an example pattern in which an 
advance road turns to the right direction, and Fig. 
11B shows an example pattern in which an advance 
road turns to the right at a three-forked 
intersection (crossroads). The higher the priority 
degree is, the smaller the numerical value is. In 
Fig. 11A, the priority degree of the right side area 
for the advance direction is high. In Fig. 11B, the 
priority degree of the lower right side area is the 
highest, the priority degree of the upper left side 
area is the lowest, and the priority degree of the 
lower left side area is the same as the priority- 
degree of the upper right side area. 

Next, landmark selection processing at S106 by 
the landmark selection unit 6 is explained. In the 
landmark selection unit 6, by using the landmark 
selection area determined by the landmark selection 
area decision unit 5, landmark data representing 
landmarks included in the landmark selection area 
are selectively obtained from the database 1. 

In the database 1 in Fig. 1, the landmark data 
including items shown in Fig. 12 are stored for each 
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landmark. In Fig. 12, "ID" is a numerical value 
representing identifier of the landmark* "Name" is 
a name of the landmark suchas a shop name or an 
institution name. "Class" represents a type of the 
landmark such as a gas station or a bank. "Priority 
degree" is a numerical evaluation standard to decide 
whether the landmark is preferably used in case of 
route search or generation ofa route guidance 
sentence. "Position" is an X, Y coordinate of the 
landmark (For example, the latitude and the 
longitude). 

As for the landmark along the route, as shown 
in Fig. 13A, a landmark of which a distance dl is 
smaller is preferably selected from each landmark in 
the landmark selection area. The distance dl is 
calculated by the following function Fl including 
the priority degree (a ) of the selection area, a 
perpendicular distance (L) from the route, and the 
priority degree ( /3 ) of the landmark, 

dl = PI (L, a , /3 ) 

Ij : perpendicular distance from the route 
a : priority degree of the selection area 
j3 : priority degree of the landmark 
As for the landmark of junction part, as shown 
in Fig. 13B, a landmark having a shorter distance d2 
is preferably selected from each landmark in the 
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landmark selection area. The distance d2 is 
calculated by the following function F 2 including 
the priority degree ( a ) of the selection area, a 
distance (LI) from the junction point, a 
perpendicular distance (L2) from entering route to 
the junction point, a perpendicular distance (L3) 
from escape route from the junction point, and the 
priority degree ( j3 ) of the landmark, 
d 2 = F 2 ( L 1 , L 2 , L 3 , a , )3 ) 
Ll : distance from the junction point 
L2 : perpendicular distance from the entering 
route 

L 3 : perpendicular distance from the escape 
route 

OL : priority degree of the selection area 
j3 : priority degree of the landmark 
Examples of the functions Fl and F2 are 
represented as follows. 

dl = Fi (L, a,/3) = a*j3*ii 

d2 = F2 (Ll, L2, L3, 01, /3) 

= C**j3* (A*L1+B*L2 + C*L3) (A, B, C : 
cons tan t ) 

Next, generation processing of the route 
guidance sentence at S107 by the route guidance 
sentence generation unit 7 is explained. In the 
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route guidance sentence generation unit 7, each unit 
guidance sentence is generated us ing the route data 
obtained by the route search unit 3, the road 
pattern data obtained by the road pattern analysis 
unit 4, and the landmark data selected by the 
landmark selection unit 6 . The unit guidance 
sentence is a - minimum sentence for executing route 
guidance to the pedestrian. For example, (1) a 
sentence to guide from the departure place to the 
first target object, (2) a sentence to guide from a 
target object to the next target object, (3) a 
sentence to guide from a corner to. the next target 
object, (4) a sentence to guide from the last target 
object to the destination, are regarded as the unit 
guidance sentence. The unit guidance sentence can 
be generated using a distance between two nodes, the 
landmark neighboring the node, the junction pattern, 
and the corner state. Especially, if the target 
object is the junction, the road pattern analysis 
unit 4 decides whether the junction pattern is a 
forked road (Trtype, Y-type) or a three-forked road, 
and how to advance the three-forked road by 
referring to the decision dictionary shown in Fig. 8 
Accordingly, an easy sentence using the junction 
pattern is generated. 

In order to generate the unit guidance sentence 
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an expression model corresponding to the road 
pattern data generated by the road pattern analysis 
unit 4 is selected from the database 1. For example, 
assume that the analyzed road pattern is the 
junction pattern represented by the following 
parameter shown in Fig . 7. 

C (n, 0o, 0 L * P.t Q) = ( 4 , 7 5 , 10 5 , 6 5 , 1 0 0, 

14 0 } 

In the database 1, following four expression 
models corresponding to above parameters are 
registered. 

® TURN TO <TURN> AT <CROSS> . 

(2) TURN TO <TURN> AT THE CORNER OF < MAR K > . 

(H) TURN TO <TURN> AT THIS SIDE OF < M A R K > • 

(D TURN TO <TURN> AT A CROSSROADS DISTANT BY 
<DIST> METER FROM < MAR K > . 

In the above expression models, a junction name 
is assigned to <CROSS> , a landmark name is assigned 
to < MARK > , turn direction (the left or the right) is 
assigned to <TURN>, and a distance to the junction 
is assigned to <DIST> . 

In this case, the expression model represents 
the expression of route guidance corresponding to 
each road pattern in the decision dictionary shown 
in Fig . 8 . 

Next, the landmark name of landmark selected by 
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the landmark selection unit 6, the junction name, 
and the distance from the junction are assigned to 
each unit guidance sentence. Each unit guidance 
sentence generated is combined along the route 
obtained by the route search unit 3. As a result, 
route guidance which represents the route from the 
departure place to the destination as a series of 
sentences is generated. 

Figs. 14A and 14B show comparison examples of 
the route guidance sentence according to the present 
embodiment and the prior art. In Fig. 14A, a part 
of underlines is special guidance sentence of the 
p r e s en t embodiment, which is not included in Fig. 
14B of the prior art. In short, in the route 
guidance sentence of Fig. 14B, the third sentence 
and the fourth sentence are difficult for a user to 
understand. However, in the route guidance 
sentences of Fig. 14 A, the expression "A junction" 
is changed as "T - crossing 1 ' and "Y-crossing" as 
declared expression of the junction pattern, and the 
expression is intuitively easy for the user to 
understand. Furthermore, in the route guidance 
sentences of Fig. 14B, expressions such as "Turn to 
the right, go forward by 10 meters, and go forward 
to the left by 30 meters" are used. However, in the 
route guidance sentence of Fig. 14A, this xpression 
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is changed to "Go forward along a crank by following 
the road." as an easy sentence in which the road 
pattern is briefly represented. 

Furthermore, the ratio "P, Q " of road width in 
the road pattern parameter shown in Fig. 7 may be 
used for generation of the route guidance sentence 
by the route guidance sentence generation unit 7. 
For example, by using information of the ratio of 
road width, the unit guidance sentence such as "Go 
forward to a narrow road of the right side by 50 
meters at Y- crossing." and "Go straight by 2 0 meters 
and turn to the right on a wide road at the end of 
T- crossing." can be generated. This unit route 
guidance sentence is easy for the pedestrian to 
understand. 

As men ti one d - above , in the present embodiment, 
the road pattern is m a c r o s c op i c a 1 1 y analyzed. As 
for the junction, information for a plurality of 
roads connected to the junction point is generated 
as the road pattern data. The area facing a 
plurality of roads connected to the junction is 
determined as the landmark selection area based on 
the road pattern data. The route guidance sentence 
is generated using the landmarks selected from the 
landmark selection area. Accordingly, easy route 
guidance sentences in which the landmark names are 
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suitably used can be- presented to the user. 

Especially, in the present embodiment, the 
priority degree is respectively assigned to each 
landmark included in map data of the database 1. in 
the landmark selection area decision unit 5, as 
shown in Fig. 10, the priority degree is 
respectively assigned to a plurality of landmark 
selection areas. In the landmark selection unit 6, 
as shown in Figs. 13A and 13B, based on the priority 
degree of the landmark selection area, the priority 
degree of the landmark included in the map data, and 
a distance from a route searched by the route search 
'unit 3 to the landmark, the landmark included in the 
landmark selection area is suitably selected. 
Accordingly, an easy landmark can be selectively 
presented to the user. 

In the landmark selection area decision unit 5, 
as shown in Figs. 10, 11A, and 11B, at a part where 
the advance direction represented by the route data 
turns, the priority degree of the landmark selection 
area inside the turn toward the advance direction is 
set higher than the priority degree of other 
landmark selection areas. Accordingly, the landmark 
attracting the user's attention during walking is 
preferably used for the route guidance sentence. 
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Next, the generation processing of the 
simplified map at step S108 by the simplified map 
generation unit 8 is explained. In the database 1, 
a plurality of presentation patterns corresponding 
to various road pattern data obtained by the road 
pattern analysis unit 4 are previously stored in 
order to generate the simplified map. The 
presentation patterns are registered as bit map data 
or vector data in the simplified map database of the 
database 1, and used for representation of the 
simplified map. In case of generating the 
simplified map, first, the presentation pattern 
corresponding to the road pattern data generated by 
the road pattern analysis unit 4 is selected from 
the database 1. For example, if the analyzed road 
pattern is represented by the following parameters, 
a plurality of presentation patterns corresponding 
to the' parameter is selected. 

C (n, 6 0t G h , 0 R , P, Q) = {4, 75, 105, 65, 100, 

14 0} 

After the plurality of presentation patterns is 
selected based on the route pattern (each junction, 
corner, and so on), theyare connected along the 
guidance route. As a result, a simplified map from 
the departure point to the destination point along 
the guidance route is generated. 
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As mentioned-above, in the present invention, 
the road pattern such as the junction on the route 
from the departure point to the destination point is 
macroscopically analyzed, and the analysis result is 
reflected in selection of landmarks included in the 
route guidance information. The route guidance 
information such as a route guidance sentence is 
generated using the analysis result and the landmark. 
As a result, useless or diffuse expression in the 
route guidance information can be removed. 
Accordingly/ the route guidance information is easy 
to intuitively understand. 

A memory can be used to store instructions for 
performing the process described above. Such a 
memory can be a CD-ROM, floppy disk, hard disk, 
magnetic tape, semiconductor memory, and so on. 

Other embodiment of the invention will be 
apparent to those skilled in the art from 
consideration of the specification and practice 
the invention disclosed herein. It is intended 
the specification and examples be considered as 
exemplary only, with the true scope and spirit 
the invention being indicated by the following 
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